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SmiARY  AND  CONCLUSIONS 


The  relationship  between  fiber  properties  of  various  kinds  of 
cotton  and  the  strength  of  the  yarns  made  from  them  is  the  subject  of 
continuing  studies  by  the  U.  S«  Department  of  Agriculture*  The  infor- 
mation derived  from  these  studies  is  helpful  to  the  cotton  trade  and 
textile  industry  in  choosing  those  cottons  best  suited  to  the  manufac- 
ture of  specific  products*  Seventeen  publications  have  been  issued 
reporting  on  the  findings  in  earlier  work  of  this  nature. 

This  report  summarizes  and  compares  correlation  results  that 
were  obtained  with  skein  strength  of  22s  carded  yarn  and  with  count- 
strength  product  of  all  yarn  sizes  spun  from  each  cotton,  representing 
10  series  of  cottons  and  identified  with  8 consecutive  crop  years, 
19U5-52. 

Twenty  multiple  correlation  analyses  are  included  in  this  study, 
representing  a total  of  2,298  American  upland  cottons  and  7,00?  lots 
of  yarn,  ranging  in  size  from  liis  to  60s, 

Six  elements  of  raw-cotton  quality  were  used  as  independent 
variables  in  the  analyses,  namely,  grade  index,  upper  half  mean  length, 
length  uniformity  ratio,  fiber  fineness  (weight  per  inch),  fiber 
strength,  and  percentage  of  mature  fibers  (standard  method). 

For  the  8 crop  years,  the  coefficient  of  multiple  correlation 
(^  with  strength  of  22s  yarn  ranged  from  0,805  to  0.960,  a difference 
of  0.155  in  R values.  The  amounts  of  variance  in  strength  of  22s  yam 
(R^  X 100)  explained  by  the  cotton-quality  factors  extended  from  65 
percent  to  92  percen^  a range  of  2?  percent.  The  relative  standard 
errors  of  estimate  (S)  for  strength  of  22s  yarn  varied  from  +3.6  per- 
cent to  +7.6  percent,  a difference  of  j^.O  percent.  ^ 

Corresponding  values  with  count-strength  product  for  the  8 crop 
years  were  a«  follows;  (^  = 0.868  to  0.965,  a difference  of  0.097^ 

(R^  X lOO)  = 75  percent  to  93  per^cent,  a range  of  18  percent;  and 
relative  (S^  = ^.i|.  percent  to  ^.0  percent,  a difference  of  +3.6 
percent.  — — — 

The  relative  importance  of  the  respective  cotton-quality  elements 
to  strength  of  22s  yarn  and  to  count-strength  product  of  all  yam  sizes, 
as  determined  by  beta  coefficients  obtained  from  multiple  correlation 
analyses,  varied  more  or  less  for  the  10  series  of  cottons  and  8 crop 
years.  Upper  half  mean  length,  fiber  strength,  and  fiber  fineness, 
however,  generally  proved  to  be  the  most  important  cotton-quality 
factors  to  22s  yarn  strength  and  count-strength  product.  In  most  cases, 
grade  index,  length  uniformity  ratio,  and  percentage  of  mature  fibers 
(standard  method)  had  relatively  small  or  negligible  effects  on  yam* 
strength  and  count-strength  product. 
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The  direction  of  the  contribution  of  the  respective  cotton-quality 
factors  to  strength  of  22s  yarn  and  count-strength  product  of  all  yarn 
sizes,  as  determined  by  the  sign  identified  vfith  each  beta  coefficient 
obtained  from  multiple  correlation  analyses,  generally  was  consistent  for 
the  10  series  of  cottons  and  8 crop  years,  and  was  wliat  would  be  expected. 

The  signs  fluctuated  more  for  percentage  of  mature  fibers  than  for  any 
other  cotton-quality  factor  considered  but  this  was  not  surprising  because 
of  the  comparatively  small  beta  values  generally  obtained  for  fiber  maturity. 

The  regression  equations,  showing  the  mathematical  evaluations  of 
the  multiple  relationships  occurring  between  the  variables  included  in 
the  respective  analyses,  varied  considerably  for  an  individual  size  of 
yarn  representing  different  series  of  cottons  or  crop  years.  They  also 
varied  appreciably  for  different  yarn  sizes  processed  from  a particular 
series  of  cottons  or  crop  year* 

Two  recommended  equations  are  presented  for  estimating  the  skein 
strength  of  various  sizes  of  carded  yarn  over  a vfide  range  of  yarn  sizes 
by  the  count-strength-product  method, -•  one  including  6 cotton-quality 
factors  and  the  other,  the  3 most  important  quality  factors. 

An  illustration  of  the  calculations  necessary  for  estimating 
skein  strength  of  any  size  of  yarn  is  shown  for  a count-strength- 
product  equation. 


iv 


COMPARISON  OF  THE  RELATIONS  OF  SIX  FACTORS  OF  RAW-COTTON  QUALITY  TO 
SKEIN  STRENGTH  OF  CARDED  YARNS  FOR  EIGHT  CROP  YEARS,  19U5-52 


By  Robert  W*  Webb,  cotton  technologist. 
Cotton  Division,  Agriciiltural  Ivferketing  Service 


INTRODUCTION 


From  this  series  of  relationship  studies  on  cotton  fiber  proper- 
ties, 17  previoiis  reports  through  3$)  were  published.  The  broad 
problems  and  objectives  underlying  these  studies,  as  well  as  the  bene- 
fits expected  from  the  development  and  application  of  such  informati'^^ 


were  discussed  in  a report  issued  by  the  Department  of  Agriculture  in 


Questions  arise  as  to  the  degree  of  comparability  that  occurs 
in  statistical  results  evaluating  the  relations  and  relative  importance 
of  the  measurable  cotton  fiber  properties  to  yarn  strength  and  to  count- 
strength  product,  for  sizable  series  of  samples,  covering  a number  of 
consecutive  crop  years.  That  is,  do  such  correlation  values  and  re- 
gression equations  agree  rather  closely  from  crop  year  to  crop  year 
over  an  extended  period,  or  do  *they  fluctuate  widely?  More  particularly, 
do  the  evaluated  relations  represent  the  same  general  level  in  degree 
for  different  crop  years,  or  do  they  show  any  trends,  or  do  they  vary 
without  orderly  sequence? 

In  an  effort  to  answer  those  questions,  statistical  values  re- 
presenting the  relation  of  six  elements  of  raw-cotton  quality  to  skein 
strength  of  22s  carded  yarn  and  to  count-strength  product  of  all  carded 
yarn  sizes  spun  from  the  various  cottons,  as  obtained  from  multiple 
correlation  analyses  of  data  identified  with  10  series  of  cottons  and  8 
crop  years,  19U5-52,  have  been  summarized  in  this  report.  Tabulations 
have  been  made  of  the  findings  in  a manner  to  afford  direct  and  easy 
comparisons.  Strength  of  only  one  individual  yarn  size  could  be  used 
as  a dependent  variable  in  this  summary  because  of  the  fact  that  22s 
was  the  only  yarn  size  that  was  common  to  all  cottons  and  crop  years. 


The  sources  of  the  basic  fiber  and  yam-strength  data  used  in 
the  analyses  covered  by  this  report  may  be  found  in  publications  (U) 
through  (1$)  and  (17)*  The  sources  of  the  statistical  values  for 
the  3 crop  years  19U6,  and  19U7  may  be  had  by  reference  to 

reports  (2J)  and  (2£);  the  source  of  the  values  for  the  2 crop  years 
of  1951  and  1952  is  report  (19).  The  statistical  values  for  the  3 
crop  years  of  19U8,  19U95  and  1950  constitute  heretofore  unpublished  data. 


^ Underscored  numbers  in  parentheses  refer  to  Literature  Cited  p,  21, 


(18). 


SAMPLES,  TESTS,  AND  DATA 
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The  fiber,  spinning,  and  yarn-strength  tests  on  the  cottons  used 
in  these  analyses  were  made  in  the  laboratories  of  the  Cotton  Division, 
Agricultural  Marketing  Service,  at  Clemson,  S.  C.,  and  at  College  Station, 
Tex* 

Cottons*  All  cottons  were  of  the  An^rican  upland  type.  Seven  of 
the  ten  series  of  cottons  were  grown  commercially  in  selected  cotton  im- 
provement groups  across  the  American  Cotton  Belt,  within  their  general 
area  of  growth  adaption,  in  the  crop  years  19U6  through  1952.  The  cottons 
were  ginned  on  commercial  saw  gins  serving  the  respective  cotton  improve- 
ment groups. 

Three  series  of  cottons  were  a part  of  the  experiment  station  annual 
variety  test  series,  in  the  crop  years  19U5  through  19U7.  These  samples 
were  grown,  harvested,  and  ginned  through  Federal-State  cooperative  effort 
at  their  various  experimental  stations  and  substations. 

Sampling.  Classing  samples  weigiiing  U to  6 ounces  were  assembled 
for  the  most  frequently  occurring  grade  and .staple-length  groups  of  each 
selected  cotton  improvement  area,  until  8 to  10  pounds  of  raw  cotton  had 
been  accumulated.  For  the  last  5 crop  years  (l9hQ  through  1952),  each 
variety  and  location  of  growth  were  represented  by  early-season,  raid- 
season,  and  late-season  samples*  For  19k7y  they  represented  early-season 
and  mid-season  samples  and,  for  19^6,  they  represented  only  early-season 
samples. 


The  original  grade  and  staple  length  designations,  which  served 
as  the  basis  for  selecting  and  compositing  the  comparable  lots  of  cotton 
for  test  purposes,  were  those  assigned  to  the  individual  samples  of  raw 
cotton  by  USDA  cotton  specialists*  Classification  of  the  samples  was 
made  in  accordance  with  the  Universal  Standards  for  Grade  and  the  official 
standards  for  staple  length,  as  described  for  American  upland  cotton  in 
the  publication  entitled  ’’The  Classification  of  Cotton”  (3). 

As  a result  of  the  method  used  for  selecting  the  samples,  not  all 
of  the  range  of  grades  and  staple  lengths  appearing  in  each  cotton  im- 
provement area  was  represented  by  the  test  cottons* 

One  sample  of  cotton  was  collected  in  customary  manner,  for  each 
variety  grown  at  each  location,  in  connection  with  the  experiment  station 
annual  variety  test  series.  Samples  weighing  8 to  10  pounds  were  taken 
at  or  near  the  peak  of  production  for  the  respective  varieties;  thus, 
they  largely  represented  midseason  cotton.  The  samples  were  classified, 
in  the  usual  manner,  as  to  grade  and  staple  length. 

Processing*  Details  as  to  the  processing  procedure  by  which  the 
cottons  were  converted  into  yarns  may  be  found  in  the  original  reports 
setting  forth  the  fiber  and  spinning  test  results  for  the  respective 
groups  of  cotton,  (U  through  17) • Report  (^)  describes  the  service 
testing  of  cotton  by  the  Cotton  Division  of  AliS,  including  not  only  pro- 
cessing procedures  and  waste  analyses  but  also  fiber,  yarn  and  fabric  tests. 
The  processing  procedures  used  with  the  cottons  included  in  the  analyses 
for  the  5 crop  years  of  19U5-U6-i4.7  and  1951-52  were  further  described  and 
pointed  up  in  reports  (27),  (28),  and  (19),  respectively. 


- 3 - 


In  brief,  it  nay  be  said  that  all  the  cottons  used  in  the  various 
studies  covered  by  this  report  were  processed  through  the  picker  and  card 
by  the  same  standard  procedure,  and  v/’ith  the  sane  settings  and  speeds.  The 
cottons  for  the  5 crop  years  of  19U5  through  19li9  were  processed  at  one 
rate  of  card  production  which  v^’as  9-1/2  pounds  per  hour^  those  for  the 
3 crop  years  of  1950-51-52  were  carded  at  one  of  3 different  rates  of 
production,  depending  upon  the  length  of  the  individual  cotton.  Cottons 
of  l5/l6  inch  and  shorter  in  staple  length  were  carded  at  12-1/2  pounds 
per  hour 5 those  from  31/32  inch  through  I-I/16  inches,  were  carded  at 
9-I/2  pounds  per  hour;  and  those  from  1-3/32  inches  through  1-l/U  inches 
were  carded  at  6-1/2  pounds  per  hour* 

The  fact  that  the  3 groups  of  cottons  referred  to  above  were 
carded  at  somewhat  different  rates  of  production  did  not  influence 
the  statistical  values  obtained  from  the  correlation  analyses  to  any 
appreciable  degree*  As  shown  in  report  (13),  it  was  found  that  dif- 
ferent rates  of  card  production,  ranging  even  from  2*0  to  15*5  pounds 
per  hour,  did  not  cause  the  strength  of  various  sizes  of  carded  yarn 
to  vary  v^ith  any  statistical  significance*  Likewise,  for  the  combed 
yarn  series  of  cottons  reported  in  (3I;),  the  results  showed  that  the 
effect  of  different  rates  of  carding,  e^ctending  from  2.0  to  12*5 
pounds  per  hour,  vfere  without  statistical  significance  on  the  strength 
of  various  sizes  of  combed  yarn. 

All  yarns  from  all  cottons  were  processed  from  long-draft  roving 
by  long-draft  spinning  equipment,  represented  a v/arp-type  of  construc- 
tion, and  possessed  a semihard  twist*  The  twist  multipliers  varied 
with  the  upper  half  mean  length  of  the  cottons,  the  one  selected  for 
each  cotton  being  that  which  gave  approximately  the  maximum  yarn 
strength  for  an  average  or  typical  cotton  of  the  particular  classified 
length*  The  twist  multiplier  used  in  each  case,  therefore,  was  not 
selected  to  compensate  for  the  influence  of  other  fiber  properties 
involved  but  represented  an  empirical  selection. 

Fiber  properties*  Six  elements  of  raw-cotton  quality  were 
used  as  independent  variables  in  all  the  multiple  correlation  analyses 
covered  in  this  summary  report,  as  follows: 

Upper  half  mean  length,  in  inches,  as  determined  by 
the  fibrograph  method* 

Length  uniformity  ratio,  in  percent,  as  determined 
by  the  fibrograjii* 

Fiber  fineness,  in  micrograms  per  inch,  as  evaluated 
by  the  array  method  for  the  3 crop  years  of  19h^-h7 
and  by  the  Ilicronaire  method  for  the  5 crop  years 
of  19U8-52. 
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Fiber  strength,  in  terms  of  1,000  poimds  per  square 
inch,  as  determined  by  the  Pressley  tester. 

Percentage  of  mature  fibers,  as  classified  and  counted 
on  the  basis  of  2-to-l  lumen  to  wall  ratio,  after  they 
had  been  permitted  to  swell  in  an  18-percent  sodium 
hydroxide  solution. 

Grade  of  cotton,  expressed  as  an  index. 


Grade  index  was  used  in  this  study,  as  explained  in  the  report  of 
this  series  having  to  do  with  the  strength  of  22s  yarn,  regular  draft  (26). 
The  conversion  chart  for  obtaining  grade  index  values  of  samples  of  raw 
cotton,  corresponding  to  various  grade  designations  originally  assigned, 
was  shown  in  previous  reports  of  this  series# 

The  fiber  tests  relating  to  the  data  used  in  these  analyses  were 
those  described  in  the  publication  entitled  ’’Cotton  Testing  Service”  (l6) 
and  covered  more  in  detail  by  ASTM  Standards  on  Textile  Materials  (1). 

Such  laboratory  data  were  considered  further  in  the  first  and  third~reports 
of  this  series  of  relationship  studies  (20,  22). 

All  fiber  tests  were  made  under  controlled  atmospheric  conditions 
7d.th  a temperature  of  70^  + 2^^  and  a relative  humidity  of  6$  percent  +2 
percent  according  to  ASTM  specifications  (1).  "" 

Yarn  size.  Yarn  size,  expressed  in  terms  of  the  generally  used 
or  so-called  English  yarn  nuE±)ers  for  cotton,  was  included  as  the  seventh 
independent  variable  in  the  multiple  correlation  analyses,  when  count- 
strength  product  of  various  yarn  sizes  was  used  as  the  dependent  variable. 

For  the  19U5,  19i|6,  and  19U7  cottons,  either  3 or  U sizes  of  yarn 
were  spun  from  each  cotton.  Yarn  nucfcers  were  selected  so  as  to  represent 
the  widest  range  generally  practicable  to  spin  with  each  cotton,  as  in- 
fluenced by  its  staple  length,  and  to  include  one  or  two  intermediate  yarn 
sizes  for  every  cotton.  All  the  cottons  were  spun  into  22s  and  36s  yarn# 
The  finest  yarn  spun  from  each  sample  was  either  60s,  50s,  iUis,  or  36s, 
depending  upon  the  respective  staple  lengths  of  the  cottons#  Data  repre- 
senting all  yarn  sizes  processed  from  all  cottons  in  the  series  were  used 
in  the  analyses  with  count-strength  product# 

For  the  19^8  cottons,  i;  sizes  of  yarn  were  spun  from  each  sample. 

All  the  cottons  were  spun  into  lUs,  22s,  and  36s  yarn.  The  finest  yarn 
spun  from  each  cotton  was  either  60s,  50s,  or  lUis,  depending  upon  the 
respective  staple  lengths  of  the  cottons.  Data  representing  all  yam 
sizes  proce'ssed  from  all  cottons  in  the  series  were  used  in  the  analysis 
with  count-»strength  product# 


For  the  19h9  cottons,  all  samples  were  spun  into  ll;s,  22s,  36s, 
and  ^Os  yarn.  Data  representing  all  yarn  sizes  processed  from  all 
cottons  in  the  series  were  used  in  the  analysis  with  count-strength 
product. 

For  the  1950  cottons,  either  3 or  sizes  of  yarn  were  spun  from 
each  cotton.  All  the  cottons  were  processed  into  22s  and  36s  yam.  The 
finest  yam  spun  from  each  sample  was  either  50s  or  36s,  and  the  coarsest 
yarn  processed  from  each  sample  was  either  22s  or  lUs,  depending  upon 
the  respective  staple  lengths  of  the  cottons.  Data  representing  all 
yam  sizes  processed  from  all  cottons  in  the  series  were  used  in  the 
analysis  with  count-strength  product. 

For  the  1951  and  1952  cottons,  only  two  sizes  of  yam  were  spun 
from  each  cotton  but  they  vrere  not  the  same  two  yarn  sizes  in  all 
instances.  Yarn  sizes  of  22s  and  ^Os  were  spun  for  the  280  longer 
cottons  from  the  1951  crop  and  for  the  276  longer  cottons  from  the 
1952  crop.  Yam  sizes  of  llis  and  22s,  however,  were  spun  from  the  39 
shortest  cottons  in  llie  1951  series  and  from  the  33  shortest  cottons 
in  the  1952  series.  Strength  values  of  both  yarn  sizes  processed 
from  all  cottons  in  each  series  were  included  in  the  respective  analyses 
with  count-strength  product. 

Yam  strength.  Conventional  skein-strength  tests  of  all  yams 
were  made,  according  to  the  generally  adopted  procedure  described  in 
ASTM  Standards  on  Textile  Materials  (1)  and  referred  to  in  Cotton 
Testing  Service  (I6),  and  expressed  in  terms  of  pounds. 

Values  for  count-strength  product  were  obtained  by  multiplying 
the  individual  yarn  strengths  by  their  respective  yarn  sizes,  and  ex- 
pressing the  results  in  terms  of  count— strength-product  units. 

All  yam-strength  tests  were  made  under  the  same  controlled 
atmospheric  conditions,  as  specified  by  ASTM  for  fiber  and  yarn  testing, 
namely,  a temperature  of  70®F.  and  a relative  humidity  of  65  percent 
+2  percent.  *" 


STATISTICAL  ANALYSES 


This  report  covers  results  obtained  from  20  multiple  correlation 
analyses,  representing  a total  of  2,298  cottons  and  7,007  lots  of  yarn, 
ranging  in  size  from  liis  to  60s.  The  yarn  size  of  22s,  however,  was 
the  only  one  that  was  spun  from  all  cottons  from  all  crop  years* 

By  using  as  independent  variables  the  six  elements  of  raw-cotton 
quality  previously  referred  to,  the  multiple  correlation  analyses 
reported  herein  were  made  with  strength  of  22s  yarn  and  with  count- 
strength  product  of  all  yam  sizes  spun  from  each  cotton,  for  10 
series  of  cottons,  identified  witli  8 crop  years,  19i;5-52o 
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The  same  general  pattern  of  statistical  analyses  was  followed  in 
this  study  as  that  followed  in  all  the  previous  studies  of  this  series. 

For  more  detailed  information  with  regard  to  the  statistical  terms, 
measures,  and  techniques  applied,  see  Appendixes  and  literature  citations 
in  the  first  and  third  reports  (20,  22). 

Beta  coefficients  were  used  to  evaluate  the  relative  net  importance 
of  the  fiber  properties  to  the  two  dependent  variables  instead  of  partial 
correlation  coefficients,  the  latter  of  which  were  used  in  the  early 
studies  of  this  series.  A correction  factor  was  applied  to  the  respec- 
tive statistical  values  obtained  from  all  correlation  analyses. 

All  statistical  values  reported  in  this  summary  were  obtained  from 
linear  correlation  analyses.  No  curvilinear  correlation  analyses  were 
made  because  of  the  ranges  of  cotton  quality  factors  considered  in  the 
various  sets  of  analyses  and  because  of  the  fact  that  previous  curvilinear 
analyses  in  this  series  of  studies  had  shown  no  better  results  with  yarn 
strength  than  did  those  from  linear  correlation  analyses. 


COMPARISON  OF  MULTIPLE  CORREUTION  VALUES  IDENTIFIED 
WITH  EIGHT  CROP  YEARS,  19U5-52 

Summarized  in  table  1 of  the  Appendix  2/  are  the  statistical  values 
indicating  the  degree  of  relation  of  six  factors  of  raw-cotton  quality 
(grade  index,  upper  half  mean  length,  length  uniformity  ratio,  fiber  fine- 
ness, fiber  strength,  and  percentage  of  mature  fibers)  to  skein  strength 
of  22s  carded  yarn,  as  obtained  from  multiple  correlation  analyses  for 
the  8 respective  crop  years.  In  table  2 are  summarized  corresponding 
values  for  7 factors,  including  the  same  6 cotton-quality  elements  and 
yarn  size,  correlated  with  count-strength  product  of  all  yarn  sizes  spun 
from  each  cotton. 

Also  listed  in  tables  1-and  2 are  the  average  strengths  of  22s 
yarn  for  the  various  groups  of  cottons,  the  latter  of  which  indicate  the 
relative  level  of  yarn  strength  for  the  different  series  and  crop  years. 

With  stren^h  of  22s  ya^.  Referring  to  table  1 and  figure  1, 
it  will  he  noted  that  'the  smallest  coefficient  of  correlation  (IT)  obtained 
was  0.80^,  as  identified  with  the  19^1  samples  from  the  selected  cotton 
improvement  groups,  and  that  the  largest  correlation  coefficient  was  0.960, 
as  associated  with  the  19U7  experiment  station  annual  variety  test  series. 
Thus,  for  the  10  series  of  cottons  representing  the  8 respective  crop  years  - 
of  19U5-52,  there  was  a range  in  fT  values  of  0.15?  with  strength  of  22s 
yam. 


The  percentages  of  variance  in  strength  of  22s  yam  (E^  x lOO) 
explained  the  cotton-quality  factors  considered  varied  in  line  with 
the  above  R values,  as  also  shown  by  reference  to  table  1 and  figure  1. 
The  smallest  amount  was  6I4..8  percent  and  the  largest,  92.1  percent.  A 
range  of  27.3  percent,  therefore,  occurred  in  the  amount  of  variance  of 


2/  All  tables  are  grouped  in  the  Appendix  at  the  end  of  this  report 
and  hereinafter  they  will  be  referred  to  only  by  table  number. 
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22s  yarn  strength  accounted  for  by  the  6 elements  of  cotton  quality  used 
as  independent  variables  in  the  10  correlation  analyses  for  the  8 crop 
years* 

Relative  standard  errors  of  estimate  (S^  for  22s  yam  strength 
likewise  varied  appreciably  for  the  different  series  and  crop  years,  as 
may  be  seen  in  table  1 and  figure  1.  The  largest  relative  standard 
error  of  estimate  was  +7  *6  percent,  as  identified  with  the  1951  samples 
from  the  selected  cotton  improvement  groups,  and  the  smallest  was  +3*6 
percent,  as  furnished  by  the  19U7  sauries  from  the  cotton  improvement 
groups.  This  makes  a range  of  percent  in  the  standard  errors  of 

estimate  for  strength  of  22s  yam  representing  the  10  series  of  cottons 
and  8 crop  years. 

The  trend  in  magnitude  of  values  for  the  standard  errors  of 
estimate  for  strength  of  22s  yarn  was,  in  general,  the  reverse  of  the 
trend  of  the  respective  and  x 100  values  previously  considered; 
however,  the  trends  were  not  identical  or  precisely  the  same  in  all 
instances.  For  example,  the  largest  S value  (+7*6  percent)  was  ob- 
tained with  the  1951  samples  of  the  selected  cotton  improvement  groups 
•vThich  group  of  samples  also  furnished  thejsmallest  R and  R^  x 100  values 
of  the  entire  series.  But,  the  smallest  S value  (+3*6  percent^^  was  not 
obtained  with  the  group  of  samples  that  furnished  ^e  largest  R and  r2  X 
100  values.  The  S’  value  of  +3*9  ^rcent  associated  with  the  group  of 
cottons  giving  the  largest  K~and  x 100  values,  however,  was  comparatively 
small  and  almost  the  minimum  value  obtained,  being  exceeded  by  only  two 
other  S values  in  the  series;  namely,  +3*8  percent  and  +3.6  percent. 

With  cQi.mt-3trength  product.  As  may  be  seen  by  reference  to 
table  2 and  figure  2,  the  smallest  coefficient  of  correlation  (r)  with 
count-strength  product  was  0.868,  as  furnished  by  the  1951  samples  from 
the  selected  cotton  improvement  groups  and  the  largest  correlation  coef- 
ficient was  0,965,  as  obtained  with^the  19U7  experiment  station  annual 
variety  test  series.  The  rsmge  in  R values  with  count^strength  product, 
therefore,  was  0,097  for  the  10  series  of  cotton  representing  the  8 
respective  crop  years. 

The  percentages  of  variance  in  count-strength  product  (R^  x 100) 
explained  by  the  6 cotton-quality  factors  and  yam  size  fluctuated  in 
line  with  the  above  R values,  as  also  may  be  noted  in  table  2 and 
figure  2,  The  smallest  amount  was  75  percent  and  the  largest,  93  percent, 

A range  of  I8  percent,  therefore,  occurred  in  the  amount  of  variance  in 
count-strength  product  accounted  for  by  the  7 factors  used  as  independent 
variables  in  the  10  correlation  analyses  for  the  8 crop  years. 

As  shown  in  table  2 and  figure  2,  with  one  minor  exception,  the 
trend  in  magnitude  of  values  for  the  relative  standard  errors  of  estimate 
with  comt-strength  product  followed  in  reverse  the  trend  of  the  respective 
and  x 100  values  previously  considered.  The  largest  relative  standard 
error  of  estimate  was  ^.0  percent,  as  obtained  with  the  1951  samples  from 
the  selected  cotton  improvement  groups,  and  the  smallest  was  jh»h  percent. 
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Figure  2. —Relationship  of  6 factors  of  rawr-cotton  quality  and  yam  size 
to  count-strength  product  of  all  sizes  of  carded  yam  spun 
(lUs  to  60s),  by  series  and  crop  year,  19h$^^2 
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as  shown  by  both  the  19U7  samples  from  the  experiment  station  annual  variety 
test  series  and  the  19U6  samples  from  the  selected  cotton  improvement  groups* 
Thus,  there  was  a range  of +3 *6  percent  in  the  relative  standard  errors  of 
estimate  for  count-strength  product  representing  the  10  series  of  cottons 
and  8 crop  years. 

General  considerations*  On  the  basis  of  R and  R*^  x 100  values, 
the  group  of  samples  from  the  19U?  experiment  station  annual  variety  test 
series  ranked  first;  that  from  the  19lt6  experiment  station  annual  variety 
test  series  ranked  second;  and  that  from  the  19^5  experiment  station  annual 
variety  test  rank  fourth,  being  practically  equal  to  the  group  of  samples 
for  the  I9U7  selected  cotton  improvement  groups  which  ranked  third*  That 
the  cottons  identified  with  experiment  station  annual  variety  test  series 
gave,  in  general,  larger  R and  R^  x 100  values  than  did  the  samples  associ- 
ated with  the  cotton  improvement  groups  is  understandable* 

By  way  of  explanation  of  those  disparities,  the  ranges  of  fiber 
properties,  of  22s  yarn  strength,  and  of  coimt-strength  product  used  in 
the  respective  analyses  generally  were  larger  in  the  case  of  the  experi- 
ment station  annual  variety  test  series  than  with  the  selected  cotton 
improvement  groups,  and  the  observations  were  better  distributed  through- 
out their  ranges*  The  ranges  of  those  variables  were  more  restricted  in 
the  analyses  of  samples  from  the  selected  cotton  improvement  groups  and 
the  observations  were  more  concentrated  around  their  respective  mean  values, 
as  naturally  might  be  expected  because  of  the  fact  that  the  samples  from 
the  cotton  improvement  groups  represented  so-called  average  cottons* 

Moreover,  each  lot  of  cotton  from  the  experiment  station  annual 
variety  test  series  represented  one  location  of  growth,  one  date  of 
picking,  and  a so-called  homogeneous  sample  in  a certain  sense;  that  is, 
one  major  pattern  or  combination  of  fiber  properties.  Each  lot  of  cotton 
from  the  selected  cotton  improvement  groups,  on  the  other  hand,  represented— 
in  all  cases— composite  samples  of  1*  to  6 ounces  drawn  from  25  to  UO  com- 
mercial bales  of  cotton  grown  over  a sizable  area  within  the  respective 
cotton  improvement  groups*  Further,  except  for  one  series,  the  various 
groups  of  samples  from  the  cotton  improvement  groups  used  in  each  analysis 
represented  2 or  3 dates  of  picking.  Therefore,  in  the  case  of  the  samples 
from  the  cotton  impro\’’ement  groups,  each  lot  of  cotton  represented  a so- 
called  heterogeneous  sample  in  the  sense  that  it  contained  more  than  one 
major  pattern  or  combination  of  fiber  properties. 

It  is  of  interest  to  note  from  the  results  presented  in  table  1 
and  figure  1 that,  w^n  strength  of  22s  yarn  was  used  as  the  dependent 
variable,  the  R and  P x 100  values  were  approximately  equal  for  the  3 
series  of  samples  from  the  selected  cotton  improvement  groups,  crop  years 
of  I9U8,  I9U9,  and  1950.  Their  res^ctive  R values  were  O.878,  .881, 
and  ,880;  and  their  corresponding  R^  x 100  values  were  77.1,  77. 5>  and 
7^7.4  p^cent*  For  count— strength  product  as  the  dependent  variable,  the 
R and  R^  x 100  values  were  essentially  identical  in  the  case  of  the  first 
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two  series  of  sainples  but  such  did  not  hold  true  for  the  third  group 
of  cottons,  as  shown  by  table  2 and  figure  2, 

It  also  is  of  interest  to  note  that,  when  streng^  of  22s  yarn 
was  used  as  the  dependent  variable,  the  smallest  R and  ^ x 100  values 
were  obtained  with  the  19^1  and  19^2  samples  from  the  selected  cotton 
^provement  groups.  With  count-strength  product,  the  smallest  ^ and 
^ X 100  values  were  obtained  with  the  1951  samples  from  the  cotton 
improvement  groups  and  the  next  smallest  with  corresponding  samples 
from  1950  and  1952.  The  crop  years  of  1951  and  1952,  according  to 
the  record,  were  relatively  dry  for  much  of  the  time  over  many  areas 
throughout  the  American  Cotton  Belt.  It  may  be,  therefore,  that  the 
factor  of  rainfall  or  soil  moisture  irifluenced  various  combinations 
of  the  fiber  properties  enough  to  cause  the  relatively  small  R and 
R^  X 100  values  obtained  for  those  two  crop  years. 

As  shown  by  a comparison  of  the  results  reported  in  tables  1 
and  2,  all  the  R,  ^ x 100,  and  relative  S values  were  larger  when 
count-strength  product  was  used  as  the  dependent  variable  than  when 
strength  of  22s  y^n  was  so  used.  For  the  8 crop  years  and  10  series 
of  analyses,  the  R values  with  count-strength  product  averaged  O.OI1.6 
larger  than  those  with  strength  of  22s  yam,  the  individual  differences 
ranging  from  +0.00li  to  +0.080j  the  R^  x 100  values  averaged  8.3  percent 
larger,  the  individual  differences  ranging  from  +0.1  percent  to  +lli.7 
percent;  and  the  relative  S values  averaged  +0.5  percent  larger,  the 
individual  differences  ranging  from  +0,2  percent  to  +0.9  percent. 

Those  differences  in  statistical  values  are  understandable  and  ex- 
plainable by  virtue  of  the  fact  that  6 cotton-quality  elements  were 
used  as  the  independent  variables  in  the  case  of  the  analyses  with 
strength  of  22s  yarn,  whereas  7 independent  variables— including  the 
same  6 cotton-quality  factors  and  yarn  size — ^were  employed  as  inde- 
pendent variables  in  the  analyses  with  count-strength  product  of  all 
yam  sizes  spun  from  each  cotton.  Moreover,  as  a consequence,  the 
number  of  observations  used  in  each  analysis  with  count-strength 
product  was  2,  3,  or  U times  the  number  used  in  the  corresponding 
analysis  with  strength  of  22s  yarn. 


COl^ARISON  OF  BETA  COEFFICIENTS  IDENTIFIED 
WITH  EIGHT  CROP  YEARS,  19U5-52 


Summarized  in  table  3 are  the  values  of  beta  coefficients  for 
the  6 elements  of  raw-cotton  quality  previously  referred  to,  as  ob- 
tained from  multiple  correlation  analyses  with  skein  strength  of 
22s  carded  yam,  representing  10  series  of  cottons  and  8 crop  years. 
Those  values  indicate  the  relative  net  importance  of  the  respective 
factors  to  22s  yarn  strength  for  each  of  the  series  of  cottons  and 
crop  years. 
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Similar  values  of  beta  coefficients  are  shown  in  table  k for  the 
relative  net  importance  of  the  same  6 cotton-quality  factors  and  yarn 
size  toward  count-strength  product  of  all  yarn  sizes  spun  from  each 
cotton  (2,  3,  or  h) , identified  with  each  of  the  10  series  of  cottons 
and  8 crop  years. 

Relative  importance  of  6 factors  with  strength  of  22s  yarn.  As 
shown  by  table  of  the  elements  of  cotton  quality  considered  in  the  10 
series  of  cottons,  fiber  strength  ranked  first  in  importance  to  skein 
strength  of  22s  yarn  S times;  second,  3 times;  and  third,  twice.  All 
beta  values  for  fiber  strength  in  relation  to  22s  yarn  strength  were 
statistically  significant. 

Fiber  fineness  (weight  per  inch)  ranked  second  in  importance'  to 
skein  strength  of  22s  yarn  strength  3 times;  third,  h times;  fourth, 
twice;  and  sixth,  once.  Eight  of  the  10  beta  values  for  fiber  fine- 
ness in  relation  to  22s  yarn  strength  were  statistically  significant. 

Upper  half  mean  length  ranked  first  in  importance  to  skein  strength 
of  22s  yam  5 times;  second,  three  times;  and  third,  twice.  All  beta 
values  for  upper  half  mean  length  in  relation  to  22s  yarn  strength  were 
statistically  Significant. 

Grade  index  ranked  second  in  importance  to  skein  strength  of  22s 
yarn  once;  third,  once;  fourth,  U times;  fifth,  3 times;  and  sixth,  once. 
Seven  of  the  10  beta  values  for  grade  index  in  relation  to  22s  yarn 
strength  were  statistically  significant. 

Length  uniformity  ratio  ranked  fourth  in  importance  to  skein 
strength  of  22s  yarn  3 times;  fifth,  6 times;  and  sixth,  once.  Six  of 
the  10  beta  values  for  length  uniformity  ratio  in  relation  to  22s  yarn 
strength  proved  to  be  statistically  significant. 

Percentage  of  mature  fibers  (standard  method)  ranked  third  in 
importance  to  skein  strength  of  22s  yarn  once;  fourth,  once;  fifth, 
once;  and  sixth,  7 times.  Only  one  of  the  10  beta  values  for  per- 
centage of  mature  fibers  in  relation  to  22s  yarn  strength  was  found 
to  be  statistically  significant. 

Relative  importance  of  7 factors  with  count-strength  product.  As 
shown  by  table  6,  of  the  factors  considered  for  the  10  series  of  cottons, 
yarn  size  ranked  first  in  importance  to  count-strength  product  in  every 
instance.  All  beta  values  for  yarn  size  in  relation  to  count-strength 
product  were  statistically  significant. 

Fiber  strength  ranked  second  in  importance  to  count-strength 
product  3 times;  third,  U times;  fourth,  twice;  and  fifth  once.  All 
beta  values  for  fiber  strength  in  relation  to  count-strength  product 
were  statistically  significant. 
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Upper  half  mean  length  ranked  second  in  importance  to  count 
strength  product  ? times;  third,  3 times;  and  fourth,  twice.  All 
beta  values  for  upper  half  mean  length  in  relation  to  count-strength 
product  were  statistically  significant* 

Fiber  fineness  (weight  per  inch)  ranked  second  in  importance 
to  count-strength  product  twice;  third,  twice;  fourth,  5 times;  and 
seventh,  once.  Nine  of  the  10  beta  values  for  fiber  fineness  in 
relation  to  count-strength  product  were  statistically  significant. 

Length  uniformity  ratio  ranked  fifth  in  importance  to  count- 
strength  product  U times;  sixth,  3 times;  and  seventh,  3 times.  Seven 
of  the  10  beta  values  for  length  uniformity  ratio  in  relation  to  count- 
strength  product  were  statistically  significant. 

Grade  index  ranked  third  in  importance  to  count-strength  product 
once;  fifth,  3 times;  sixth,  ? times;  and  seventh,  once.  Eight  of  the 
ten  beta  values  for  grade  index  in  relation  to  count-strength  product 
were  statistically  significant. 

Percentage  of  matiure  fibers  (standard  method)  ranked  fourth 
in  importance  to  count-strength  product  once;  fifth,  twice;  sixth, 
twice;  and  seventh,  5 times.  Six  of  the  10  beta  values  for  percentage 
of  mature  fibers  in  relation  to  count-strength  product  were  statis- 
tically significant. 

It  is  of  interest  to  note  that,  with  count-strength  product 
representing  all  yarn  sizes  spun  (liis,  22s,  36s,  and  50s),  six  of 
the  10  beta  coefficients  for  percentage  of  mature  fibers  were  sta- 
tistically significant,  whereas  only  one  of  the  10  beta  coefficients 
for  percentage  of  mature  fibers  was  statistically  significant  with 
strength  of  22s  yarn.  On  the  surface,  the  former  might  be  assumed 
to  be  the  result,  in  part,  of  the  fact  that  two  finer  sizes  of  yam 
also  were  included  collectively  in  the  analysis  with  count-strength 
product,  namely,  36s  and  50s.  Unpublished  beta  values  obtained  with 
strength  of  36s  yarn  and  50s  yarn  for  each  of  the  3 crop  years,  19U8-?0, 
however,  do  not  support  that  assumption. 


COIiPARISON  OF  SIGNS  BEFORE  BETA  COEFFICIENTS  IDENTIb^IED  WITH 

EIGHT  CROP  YEARS,  19U5-52 


The  plus  or  minus  sign  shown  before  the  value  of  each  beta 
coefficient  listed  in  tables  3 and  U indicates  the  direction  of 
the  contribution  of  each  element  of  raw-cotton  quality  considered 
toward  skein  strength  of  22s  carded  yam  and  count-strength  product 
of  all  yam  sizes,  respectively. 


With  strength  of  22s  yam,  Suinmarized  in  table  7 are  the  signs 
attached  to  the  beta  values  for the  respective  cotton-quality  factors, 
representing  the  10  series  of  cottons  and  8 crop  years,  toward  22s  yarn 
strength. 

Fiber  strength  showed  positive  beta  values  in  all  10  cases,  inr- 
dicating  that  the  stronger  the  fibers  the  stronger  was  the  22s  yarn. 

Fiber  fineness  (weight  per  inch)  was  accompanied  by  negative  beta 
values  in  9 cases  and  by  one  positive  beta  value  (crop  of  19?2).  The 
latter  beta  value,  however,  was  statistically  insignificant,  which  eliminates 
any  importance  being  attached  to  the  exceptional  sign.  The  preponderance 
of  negative  signs  means  that  the  smaller  the  fiber  weight  per  inch  or  the 
finer  the  fiber,  the  stronger  was  the  22s  yarn. 

Upper  half  mean  length  showed  positive  beta  values  in  all  10  cases, 
indicating  that  the  longer  the  fibers  the  stronger  was  the  22s  yarn. 

Grade  index  exhibited  positive  beta  values  in  all  10  cases,  mean- 
ing the  larger  the  grade  index  the  stronger  was  the  22s  yarn# 

Length  uniformity  ratio  was  accompanied  by  positive  signs  in  all 
cases  but  one,  and  the  beta  value  of  this  exception  was  statistically 
insignificant#  No  particular  importance,  therefore,  should  be  attached 
to  the  negative  sign  in  this  case.  The  preponderance  of  positive  signs 
indicates  that  the  larger  the  length  uniformity  ratio  the  stronger  was 
the  22s  yarn. 

The  sign  of  the  beta  values  were  more  variable  in  the  case  of 
percentage  of  mature  fibers  toward  skein  strength  of  22s  yarn  than  for 

any  of  the  other  cotton-quality  elements  included  in  the  analyses#  Seven 

of  the  beta  values  were  positive,  indicating  that  the  larger  the  percentage 
of  mature  fibers  the  stronger  was  the  22s  yarn.  Three  of  the  beta  values, 
however,  were  negative  which  is  taken  to  indicate  that  the  smaller  the 

percentage  of  matijire  fibers  the  stronger  was  the  yam#  As  all  beta  values 

for  percentage  of  mature  fibers  with  surength  of  22s  yarn  were  statistically 
insignificant  except  the  one  for  the  crop  of  1952,  no  importance  is  at- 
tached to  the  fluctuating  direction  found  for  the  evaluated  contribution 
of  percentage  of  mature  fibers  toward  22s  yarn  strength. 

With  count-strength  product  of  all  yam  sizes#  Summarized  in 
table  8 are  the  signs  attached  to  the  beta  values  for  the  respective 
cotton-quality  elements  and  yarn  size,  representing  the  10  series  of 
cottons  and  8 crop  years,  toward  count-strengtli  product  of  all  yam 
sizes  spun# 

Yam  size  showed  negative  beta  values  in  all  10  cases,  indicating 
that  the  finer  or  smaller  the  yarn  the  lower  was  the  count-strength  product# 


Fiber  strength  was  accompanied  by  positive  beta  values  in  all 
10  cases,  indicating  that  the  stronger  the  fibers  the  larger  was  the 
count-strength  product. 

Upper  half  mean  length  exhibited  positive  beta  values  in  all 
cases,  indicating  that  the  longer  the  fibers  the  larger  was  the 
count-strength  product. 

Fiber  fineness  (weight  per  inch)  showed  negative  beta  values  in 
8 cases  and  positive  beta  values  in  2 instances.  One  of  the  latter 
beta  values  was  statistically  insignificant,  so  no  importance  is  at- 
tached to  its  unexpected  sign*  The  other  positive  beta  value,  crop 
of  19k9,  that  was  statistically  significant  for  fiber  fineness  in 
relation  to  count-strength  product  cannot  be  explained  at  present* 

All  transcription  and  calculations  were  carefully  rechecked  without 
finding  any  error  or  explanation  of  fiber  fineness  (weight  per  inch) 
toward  count-strength  product  in  that  instance.  All  that  can  be  said 
at  present,  therefore,  is  that  the  exceptional  sign  did  occur*  The 
preponderance  of  negative  signs  with  the  beta  values  for  fiber  weight 
per  inch,  however,  indicates  that  generally  the  smaller  the  fiber 
weight  per  inch,  or  -the  finer  the  fiber,  the  larger  was  the  count- 
strength  product. 

Length  uniformity  ratio  showed  a positive  relation  to  count- 
strengtii  product  for  8 series  of  cottons  and  a negative  one  in  2 
cases.  The  beta  value  with  one  of  the  latter,  however,  was  statis- 
tically insignificant.  In  general,  therefore,  the  larger  the  uni- 
formity ratio  the  larger  was  the  count-strength  product. 

Grade  index  exhibited  a positive  relation  toward  count-strength 
product  in  all  10  instances,  meaning  the  larger  the  grade  index  the 
larger  was  the  count-strength  product. 

Percentage  of  mature  fibers  (standard  method)  revealed  a 
positive  relation  toward  count-strength  product  with  8 groups  of 
cotton  and  a negative  relation  with  2 series*  Of  the  beta  values 
possessing  a positive  s-ign,  four  were  statistically  significant  and 
four  were  insignificant*  The  two  beta  values  accompanied  by  a nega- 
tive sign  were  statistically  significant.  IVhile  percentage  of  mature 
fibers  is  not  a good  measure  of  cotton  fiber  maturity,  as  discussed 
in  publications  (^)  and  (30),  the  findings  presented  in  this  summary 
indicate  that,  in  general, "the  larger  the  percentage  of  mature  fibers 
the  larger  was  the  count-strength  product. 


COmRISON  OF  inJLTIPLE  REGRESSION  EQUATIONS  IDENTIFIED 
WITH  EIGHT  CROP  YEARS,  19U5-52 


A summary  of  all  the  multiple  regression  equations  obtained  in 
this  study,  shewing  the  relations  of  6 elements  of  raw-cotton  quality 
to  strength  of  various  sizes  of  yarn,  as  well  as  that  for  the  same  6 
cotton-quality  factors  and  yarn  size  to  count-strength  product  of  all 
yarn  sizes  spun,  is  presented  in  table  9*  The  equations  are  listed 
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by  crop  year  and  yarn  size  in  order  to  afford  easy  comparison,  together 
with  their  respective  standard  errors  of  estimate  expressed  on  both  an 
absolute  and  relative  basis. 

All  22  equations  listed  are  not  published  as  a basis  for  estimating 
yam  strength  or  count-strength  product  from  a knowledge  of  values  repre- 
senting the  respective  factors  included.  Rather,  the  equations  are  pre- 
sented merely  to  reveal  the  mathematical  evaluation  of  the  multiple 
relationships  existing  between  the  measures  of  the  various  factors  used 
in  the  respective  analyses. 

The  values  that  go  to  make  up  a particular  equation  are  relative 
throughout  and  comparative  within  themselves.  The  values  for  the  respective 
regression  coefficients,  however,  are  not  strictly  comparable  from  equation 
to  equation  because  of  the  fact  that  the  level  of  the  regression  values  in 
each  equation  is  identified  with  the  value  shown  for  the  constant  (A)  of  each 
equation,  and  that  the  (A)  values  differ  appreciably  in  the  various  equations. 

Pertinent  information  bearing  on  the  multiple  relationships  oc- 
curring between  the  variables  considered  in  ttie  respective  analyses, 
other  than  that  already  mesented  in  the  various  tables  of  statistical 
values  and  discussed  in  previous  chapters  of  this  report,  may  be  ob- 
tained from  the  regression  equations.  This  is  possible  because  of  the 
fact  that  the  respective  regression  coefficients  in  such  equations  serve 
to  indicate  directly  the  amount  of  change  in  a particular  dependent 
variable  caused,  on  the  average,  by  one  uiiit  increase  in  each  independent 
variable.  The  sign  attached  to  a regression  coefficient  signifies  wheiiher 
a unit  increase  in  the  value  of  an  independent  variable  produces  an  increase 
or  decrease  in  the  scale  of  values  for  the  dependent  variable. 

In  examining  and  comparing  the  values  of  the  regression  coef- 
ficients listed  in  table  9,  it  should  be  remembered  that  different  units 
of  measurement  necessarily  had  to  be  used  for  the  various  independent 
variables  included  in  the  statistical  analyses,  as  shown  in  the  following 
tabulation: 

Independent  variables  Unit  of  measiu:*eroent 

Grade  of  cotton  1 index  unit 

Upper  half  mean  length 1 inch 

LengUi  uniformity  ratio  ...•••••..  1 index  unit 

Fiber  fineness  1 microgram  per  inch 

Percentage  of  mature  fibers  ......  1 percent 

Fiber  strength  1,000  lb.  per  sq.  in. 

Yam  size  1 yarn  number 


As  shown  before,  the  unit  of  measurement  for  upper  half  mean 
length  is  1 inch.  Therefore,  if  the  efrect  of  upper  half  mean  length 
on  a dependent  variable  is  desired  in  terms  of  the  more  conventional 
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units  of  l/32-inch,  as  generally  used  in  the  cotton  trade  and  textile 
industry,  the  regression  coefficients  shown  in  the  equations  for  the 
length  factor  should  be  divided  by  32*  No  further  calculations  or 
adjustnient,  however,  are  needed  in  connection  with  any  of  the  other 
regression  coefficients* 

From  an  examination  of  the  equations  shown  in  table  9,  it  is 
evident  that  they  vary  appreciably  for  different  yarn  sizes  associated 
with  a particular  series  of  cottons  or  crop  year,  and  that  they  also 
vary  considerably  for  an  individual  size  of  yarn  processed  from  dif- 
ferent groups  of  cottons  or  crop  years*  Such  findings  are  those  that 
naturally  would  be  expected* 

The  signs  attached  to  the  constant  (A)  values  were  negative  in 
all  22  equations  and  those  for  the  regression  coefficients  of  a 
particular  fiber  property  were  consistent  throughout  all  equations 
except  as  follows:  once  with  grade  index,  once  with  length  uniformity 
ratio,  3 times  with  fiber  fineness,  and  7 times  with  percentage  of 
mature  fibers.  No  particular  significance  is  attached  to  the  rela- 
tively large  number  of  inconsistent  signs  occurring  with  the  regres- 
sion coefficients  for  percentage  of  mature  fibers,  as  this  fiber 
property  was  found  to  contribute  so  little  to  yam  strength  in  most 
cases*  Explanation  for  the  inconsistent  signs  with  the  several  other 
regression  coefficients,  however,  is  not  known  at  present* 

The  available  equations  best  adapted  for  estimating  yam 
strength  are  listed  and  discussed  in  the  following  chapter  entitled 
"Equations  Recommended  for  Estimating  Skein  Strength  of  Various 
Sizes  of  Carded  Yarn." 

Calculations  required  for  estimating  yam  strength  by  a count- 
strength-product  equation  are  shown  in  a later  chapter  entitled 
"Illustration  of  Calculations  Necessary  for  Estimating  Yam  Strength." 


EQUATIONS  RECOJ^iENDED  FOR  ESTmTING  SKEIN  STRENGTH 
OF  VARIOUS  SIZES  OF  CARDED  YARN 


All  equations  for  estimating  skein  strength  of  cotton  yams 
on  the  basis  of  certain  elements  of  raw-cotton  quality,  as  covered 
in  this  report,  refer  to  carded  warp  yams,  processed  on  long  draft 
equipment,  and  possessing  a semi-hard  twist*  No  analyses  have  been 
made  with  single-strand  strength  of  yams  and  no  analyses  have  been 
included  for  yams  processed  on  regular-draft  equipment* 

The  yam-strength  estimates  obtained  for  other  cottons  by  use 
of  the  equations  and  procedures  recommended  in  this  report  should  be 
relatively  accurate,  as  expressed  in  terms  of  the  fiber  tests,  textile 
processing,  and  yam  structure  used  in  the  laboratories  of  the  Cotton 
Division,  Agricultural  Marketing  Service.  For  the  same  accuracy  of 
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sampling,  fiber  measurements,  and  yarn  tests,  however,  the  level  of  yarn- 
strength  estimates  derived  by  use  of  the  equations  here  reported  may  be 
expected  to  vary  someidiat  from  the  actual  yarn-strength  values  obtained 
by  others  from  other  cottons,  as  influenced  by  the  textile-processing 
organization  used  and  by  the  amount  of  twist  in  the  yams* 

After  several  trial  determinations,  however,  if  one  finds  that 
the  yarn-strength  estimates  obtained  by  use  of  any  of  the  equations 
presented  in  this  report  consistently  differ  from  his  actual  yarn- 
strength  values,  he  can  adjust  his  future  estimates  or  predictions  to 
his  level  of  fiber  tests,  textile  processing,  yarn  structure,  and  yarn 
twist  by  increasing  or  decreasing  them  by  whatever  percentage  he  finds 
to  be  necessary.  Obviously,  it  would  be  impractical  to  develop  such  > 
equations  for  estimating  yarn  strength  that  would  represent  each  and 
every  one  of  the  many  processing  organizations  and  yarn  structures 
available  in  the  textile  industry  today. 

But,  by  following  the  procedure  of  adjustment  of  yarn-strength 
estimates  suggested  above,  more  flexibility  is  given  to  the  available 
equations  than  otherwise  would  be  possible,  and  the  individual  needs 
of  different  cotton  spinners  are  better  served  in  maintaining  quality 
control  and  meeting  specifications  of  manufactured  products.  Thus,  the 
limited  number  of  equations  here  reported  can  be  so  used  in  a manner  by 
supplemental  procedure  as  to  serve  satisfactorily  most  practical  problems 
and  purposes  connected  with  skein  strength  of  carded  cotton  yarn,  and 
more  particularly  carded  warp  yam. 

Estimation  of  yarn-strength  by  count-strength  product  equations. 

The  best  over-all  equation  for  estimating  directly  the  skein  strength  of 
any  size  of  carded  singles  yarn  from  10s  to  60s  on  the  basis  of  6 elements 
of  raw-cotton  quality,  as  developed  to  date  from  this  series  of  analyses, 
is  the  count-strength  product  regression  equation  which  represents  828 
selected  cottons  covering  a wide  range  of  quality  and  2,i;81i  lots  of  yarn 
extending  from  22s  to  50s,  crop  years  of  19U5-U7.  That  equation  is  listed 
as  follows; 

= -601.01-17.969Xjjj^+.6l8X88+1378.292X3^7+m.833X3^p-2U7.81*OXj^4lt.62UX35 
+19.852X33  g2  _ 0.875;  S = +126  csp  units) 

Where  Xpi  = estimated  count-strength  product,  in  csp  units 
Xm  = size  of  yarn,  as  yam  number 
^88  ^ grade  of  cotton,  as  an  index 
Xi7  = upper  half  mean  length,  in  inches 
X]^^  = uniformity  ratio,  as  an  index 
X|^  = fiber  weight  per  inch,  in  micrograms 
X^^  = percentage  of  mature  fibers 

= fiber  strength  (Pressley),  in  1,000  lb.  per  sq.  in. 
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By  using  the  3 most  important  fiber  properties,  as  revealed  by 
the  beta  coefficients  derived  from  the  analyses  of  the  data  from  which 
the  above  equation  was  derived,  the  following  equation  was  developed; 

X91  = +299. 02-18. OU6Xj^j^+1632. 226X3^7-163. 199X;^420.?31X33 

(R  = 0.927;  R^  = 0.859;  S = +135  csp  units) 

As  may  be  noted  from  the  symbols  previously  defined,  the  four 
independent  variables  used  in  the  above  equation  are  yarn  size,  upper 
half  mean  length,  fiber  fineness  (weight  per  inch),  and  fiber  strength. 
The  three  variables  omitted  in  this  instance  are  percentage  of  mature 
fibers,  uniformity  ratio,  and  grade. 

By  comparing  the  statistical  values  indentified  with  the  two 
equations,  it  is  evident  that  the  four  independent  variable  equation 
should  give  practically  as  reliable  estimates  as  the  seven  independent 
variable  equation.  This  is  a matter  of  importance  from  the  standpoint 
of  required  laboratory  work  and  statistical  calculations,  and  results 
more  particularly  in  a saving  of  the  time  and  expense  necessary  for 
making  the  fiber  maturity  test. 

Comparative  precision  of  yarn-strength  estimates  identified 
with  count-strength-product  and  individual  yam-size  equationiT  As 
discussed  in  report  (2fe),  one  of  the  principal  objectives  of  that 
study  was  to  develop  an  all-purpose  equation  rather  than  equations 
for  specific  sizes  of  yarn,  such  as  22s  and  50s.  With  equations  for 
individual  yam  sizes,  use  of  a conversion  formula  is  required  in 
order  to  obtain  estimates  of  strength  of  sizes  of  yarn  other  than 
that  for  which  the  equation  was  developed*  The  conversion  formula 
heretofore  used  in  these  studies  was  that  reported  by  Campbell  (2). 

The  comparative  estimates  and  differences  shown  in  report  (28) 
indicate  that  the  count-strength-product  equation  gives  practically 
the  same  precision  of  estimate  as  do  the  equations  for  specific  yam 
sizes  used  either  separately  or  in  conjunction  with  the  conversion 
formula.  A slight  tendency,  however,  is  noticed  for  the  latter  method 
to  yield  yam-strength  estimates  slightly  more  accurate.  But,  on  an 
average,  the  standard  error  is  only  jO.23  pound  more  for  the  count- 
strength-product  equation  than  for  the  equations  developed  for  22s 
and  50s  yam,  used  either  separately  or  in  conjunction  with  the  con- 
version formula.  For  lliS  yarn,  the  standard  error  with  the  count- 
strength-product  equation  is  pound  more;  for  22s,  jp.O?  pound 

more;  for  36s,  +0.10  pound  more;  for  iUiS,  +0.5U  pound  more;  for  50s, 
+0.26  pound  more;  and  for  60s,  there  is  no  difference.  Such  small 
differences,  for  all  practical  purposes,  may  be  disregarded. 

Thus,  on  the  basis  of  the  comparative  statistical  values,  it 
is  apparent  that  there  is  a very  close  agreement  in  the  results  by 
the  two  methods  of calculating  yarn-strength  estimates.  However,  by 
the  count-strength-product  method,  only  one  equation  is  necessary  for 
any  size  of  yam  over  a wide  range  Tfhereas,  by  the  strength  equations 
for  specific  sizes  of  yarn  two  or  more  equations  are  necessary,  as  well 
as  a conversion  formula.  For  broad  and  practical  purposes,  therefore, 
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a count-strength-product  equation  possesses  distinct  advantages  over 
several  individual  yarn-size  equations  for  estimating  the  strength  of 
various  sizes  of  yam* 

Calculations  required  for  estimating  yarn  strength  by  a count- 
strength-product  equation  are  shown  in  the  following  chapter  entitled 
•'Illustration  of  Calculations  Necessary  for  Estimating  Yam  Strength.” 


ILLUSTRATION  OF  CALCUUTIONS  NECESSARY 
FOR  ESTIMATING  YARN  STRENGTH 


Yarn  strength  estimated  by  count-strength-product  equation*  The 
method  of  estimating  yam  strength  by  the  over-all  count-strength-product 
equation  developed  from  2,ii8U  observations  representing  828  cottons,  crop 
years  19U5-U7>  is  described  below*  The  fiber  data  used  in  this  example 
represent  one  cotton  in  that  series* 

Calculations  are  illustrated  in  this  instance  for  estimating  the 
strength  of  three  sizes  of  yarn,  namely,  22s,  36s,  and  60s  yarn*  Esti- 
mates of  strength  for  any  size  of  yarn,  however,  may  be  obtained  by  the 
same  procedure,  except  that  care  must  be  exercised  to  multiply  the  factor 
of  -17*969  in  the  equation  by  the  particular  size  of  yam  in  question* 

Following  is  the  equation: 

Xoi  = -601.01-17. 969X)n+.6l8X8o+1378.292X-,7+ll;.833Xi9-2U7.8hOX), 

+ii.62UX3^19.852X22 


Substitutions  are  made  in  the  equation,  as  follows: 


^88 

X37 

*19 

*35 


size  of  yam  (22s,  36s,  60s) 

100,  grade  index  corresponding  to  Middling 

1.05,  upper  half  mean  length,  in  inches 
77,  uniformity  ratio,  as  an  index 

U*3,  fineness  of  fiber,  in  micrograms  per  inch 

81  percentage  of  mature  fibers 

69,  tensile  strength  of  the  fibers,  in  terms  of 
1,000  lb*  per  sq*  in* 
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Factors— 


Estimated  strength  of— 


22s 

36s 

60s 

Constant  a 

- 601.01 

- 601.01 

- 601.01 

- 17^969  X 22  - 

- 39^*32 

- - 



— "17*^69  X 36  — ................. 

- 6U6.88 

- 17.969  X 60  a 

-1078.  Ill 

+ .618  X 100  a 

+ 61.80 

+ 61.80 

+ 61.80 

+1378.292  X 1.05  = 

+lltlt7.21 

+H1U7.21 

+Htii7.21 

+1U.833  X 77  = 

+lHt2.Ht 

+lHt2.1lt 

+Uit2.11t 

-2U7.8UO  X It. 3 - 

-1065.71 

-1065.71 

-1065.71 

+U.62U  X 81  a * 

+ 37li.51t 

+ 37U.5U 

+ 37U.5U 

+19.852  X 69  = 

+1369.79 

+1369.79 

+1369.79 

Total  

+2333  .Itlt 

+1650.62 

2333. Ut  _ 

106.1 

^2  

2081.88  _ 

57.8 

■^6 

1650.62  _ 

27.5 

60 

Actual  yam  strength  obtained  •••* 

56 

27 

Difference  between  estimated  and 

actual  yarn  strength,  in  pounds  * * 

* * 
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Yam  Count*  U.  S*  Dept*  Agr*  Cir.  Ul3,  I8  pp.,  illus. 
(October  1936*) 

(3)  United  States  Department  of  Agriculture. 

1938*  The  Classification  of  Cotton,  U.  S.  Dept*  Agr*  Misc*  Pub* 
310*  Sh  pp.,  illus*  O^ay  1938.) 
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(ti)  United  States  Department  of  Agriculture. 

I9U6.  Results  of  Fiber  and  Spinning  Tests  for  Some  Varieties  of 
Cotton  Grown  in  the  United  States,  Crop  of  19U?.  Prod, 
and  Market.  Admin.  33  pp.  illus.  (March  19lt6. ) 


191*6. 

(6)  

(7)  

“191*7. 

(8) 

~m7. 

(9) 

“191*7. 


(10)  

“T5I*B. 


(11) 

(12) 

(13) 


19l*8. 

T9IT9. 

l^O. 


(11*) 

(15) 


T95I. 

T952. 


Fiber  and  Spinning  Test  Results  for  Some  Upland  Cottons 
Grown  in  Selected  Standardized-Variety  Areas,  Crop  of 
I9U6.  Prod,  and  Market.  Admin.  13  pp.  (December  19U6.) 

Comparative  Qualities,  Yields,  and  Gross  Returns  for  Lint  and 
Seed  for  Some  Upland  Cottons  Grown  at  Florence,  S.  C.,  Crop 
of  I9U6.  Prod,  and  Market.  Admin.  9 pp*  (March  19U7.) 

Comparative  Qualities,  Yields,  and  Gross  Returns  for  Lint  and 
Seed  for  Some  Varieties  of  Cotton  Grown  at  Texas  Experiment 
Stations,  Crop  of  I9U6.  Prod,  and  Market.  Admin.  21  pp. 

(April  191*7.) 

Fiber  and  Spinning  Test  Results  for  Some  Pure  Varieties  Grown 
by  Selected  Cotton  Improvement  Groups,  Crop  of  19U7*  Prod, 
and  Market.  Admin.  15  pp.  (November  19U7«) 

Fiber  and  Spinning  Test  Results  for  Some  Pure  Varieties  Grown 
by  Selected  Cotton  Improvement  Groups,  Crop  of  19^7*  (Sup- 
plement No.  1.)  Prod,  and  Market.  Admin.  5 PP*  (December  19k7 

Comparative  Qualities,  Yields,  and  Gross  Returns  for  Lint 
and  Seed  for  Some  Cottons  Grown  at  Florence,  S.  C.,  Crop 
of  I9U7.  Prod,  and  Market.  Admin.  13  pp*  (March  19U8*) 

Comparative  Qualities  of  Some  Varieties  of  Cotton  Grown  at 
Texas  Experiment  Stations,  Crop  of  19k7»  Prod,  and  Market. 
Admin.  17  pp.  (June  19U8.) 

S\immary  of  Fiber  and  Spinning  Test  Results  for  Cotton  Varieties 
Grown  by  Selected  4Jotton  Improvement  Groups,  Crop  of  19U8. 

Prod,  and  Market.  Admin.  27  pp*  (January  19U9*) 

Summary  of  Fiber  and  Spinning  Test  Results  for  Cotton  Inn^ove- 
ment  Groups,  Crop  of  19i;9*  Prod,  and  Market.  Admin.  20  pp. 
(January  1950.) 

Summary  of  Fiber  and  Spinning  Test  Res\ilts  for  Cotton  Varieties 
Grown  by  Selected  Cotton  Improvement  Groups,  Crop  of  1950. 

Prod,  and  Market.  Admin.  33  pp*  (January  1951*) 

Summary  of  Fiber  and  Spinning  Test  Res\ilts  for  Some  Varieties 
of  Cotton  Grown  by  Selected  Cotton  Improvement  Groups, 

Crop  of  1951*  Prod,  and  Market.  Admin.  35  pp*  (February 

1952.) 
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(16)  United  States  DepartBBnt  of  Agriculture* 

1952.  Cotton  Testing  Service*  Prod*  and  Market*  Admin. 

39  pp.  illus.  (Revised  July  1952*) 

(17)  

1953.  Summary  of  Fiber  and  Spinning  Test  Results  for  Some 

Varieties  of  Cotton  Grown  by  Selected  Cotton  Improve- 
ment Groups,  Crop  of  1952*  Prod*  and  Market*  Admin* 

33  pp.  (February  1953.) 

(18)  Webb.  Robert  W. 

iPu7*  Relation  and  Relative  Importance  of  Soiiis  Cotton  Fiber 

Properties  to  Certain  Manufacturing  Qualities.  (Paper 
presented  at  a meeting  of  the  Fiber  Society,  New  Orleans, 
La.)  U.  S.  Dept*  Agr*,  Prod*  and  Market*  Admin*  22  pp* 
(February  19U7.) 

(19)  and  Burley,  Samuel  T.,  Jr* 

1953.  The  Causticaire  Method  for  Measuring  Cotton-Fiber 

Maturity  and  Fineness s Improvement  and  Evaluation* 

U*  S*  Dept*  Agr*,  Agr*  Market*  Service,  Market* 

Res.  Rpt*  No.  57.  62  pp*,  illus.  (Deces&er  1953.) 

(20)  and  Richardson,  Howard  B* 

19h5.  Relationships  Between  Properties  of  Cotton  Fibers  and 
Strength  of  Carded  Yarns*  U.  S*  Dept*  Agr*  War  Food 
Admin.  $8  pp.  illus*  (March  19U5.) 

(21)  and  Richardson,  Howard  B* 

T5IT5*  Relationships  of  Cotton  Fiber  Properties  to  Strength 
and  Elongation  of  Tire  Cord*  U*  S*  Dept*  Agr*  War 
Food  Admin*  59  pp.,  illus*  (June  19U5.) 

(22)  and  Richardson,  Howard  B* 

l9li5.  Comparative  Significance  of  Alternative  Cotton  Fiber 
Length  and  Strength  Ifeasures  in  Relation  to  Yam 
Strength*  U.  S*  Dept*  Agr*  Prod,  and  Market  Admin* 

62  pp.,  illus.  (September  19ii5.) 

(23)  and  Richardson,  Howard  B« 

l9l;6.  Relationships  Between  Properties  of  Cotton  Fibers  and 
Appearance  of  Carded  Yams.  U.  S*  Dept*  Agr*  Prod, 
and  Market.  Admin.  51i  pp.,  illus.  (March  19U6.) 

(2k)  and  Richardson,  Howard  B. 

l9i|6.  Relationships  Between  Properties  of  Cotton  Fibers  and 
Percentages  of  Wastes  Associated  With  the  Manufacture 
of  Carded  Yams.  U.  S.  Dept.  Agr.  Prod,  and  Market. 
Admin.  63  pp.  (July  19U6.) 

(25)  and  Richardson,  Howard  B. 

19li7.  Relation  and  Importance  of  Certain  Fiber  Properties  of 
Long  Staple  Cottons  to  Strength  and  Appearance  of 
Combed  Yarns,  and  to  Percentage  of  Manufacturing 
Waste.  U.  S.  Dept*  Agr.  Prod,  and  Market*  Admin. 

81;  pp.  (July  19U7*) 
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(26)  Webb.  Robert  W.,  Richardson^  Hovard  B.  and  Popka,  Doretta  H. 

1949 • Relation  of  Six  Elements  of  Cotton  Quality  to  Strength  of  22s 
Yam  (Regtilar  Draft),  by  Crop  Yp^,  Variety,  and  Staple 
Length.  U.  S.  Dept#  Agr#  Prod#  and  Jiarket  Admin.  6l  pp# 
(October  19U9*) 

(27)  and  Richardson,  Howard  B# 

“T55b.  Relation  of  Six  Elenents  of  Raw  Cotton  Quality  to  Strength 
of  22s  and  50s  Yarn  (Long  Draft).  U.  S#  Dept.  Agr.  Brod. 
and  Market.  Admin.  63  pp*  (Aprfl  1950.) 

(28)  and  Richardson,  HcRrard  B. 

" 1956.  Relation  of  Count-Strength  Product  of  Long  Draft  Processed 
Yam  to  Six  Elements  of  Raw  Cotton  Quality  and  Yam  Size. 

U.  S.  Dept.  Act.  Prod,  and  Market.  Admin.  6l  pp.,  illus. 
(August  1950.) 

(29)  _____  and  Richardson,  Howard  B. 

l'9'^O.  Relation  of  Appearance  of  Long-Draft  Processed  Carded  Yam 
to  Six  Elements  of  Raw  Cotton  Quality  and  Yam  Size# 

D.  S.  Dept.  Agr.  Prod,  and  Market.  Admin.  53  pp.,  illus# 
O^ovember  1950.) 

(30)  and  Richardson,  Howard  B. 

“T551.  Neps  in  Card  Web  as  Related  to  Six  Elements  of  Raw-Cotton 
Quality.  U.  S.  Dept.  Agr.  Prod,  and  Market.  Admin. 

^ pp.  (May  1951.) 

(31)  and  Richardson,  Howard  B. 

1^51*  Relation  of  Heps  in  Card  Six  ElBiasnta  at  JUm^Coftbeat 

Quality,  and  Yam  Size  to  Appearance  of  Long-Qrafh  Cardsd 
Yam.  U.  S.  Dept.  Agr#  Brod#  and  Market.  Admin.  $8 
(October  1951*) 

(32)  and  Richardson,  Howard  B. 

Fiber  Measurements  of  Secondr-Draaring  Sliver  Coispared  With 
Those  of  Raw  Cotton  in  Belaticxi  to  Tam  Strength  and 
Yam  Appearance.  U.  S.  Dept.  Agr.  Prod,  and  Market. 

Admin.  80  pp*.  Ulus.  (Hovember  1951*) 

(33)  axrf  Ridiardson,  Howard  R. 

1952.  Relation  of  Rate  of  Cardii^  and  Factors  of  Cotton  Quality  to 

Strength  and  Appearance  of  Carded  Yam,  Nex)S  in  Card  Web,  and 
Percentage  of  Card  Waste.  U.  S.  Dept.  Agr.  ITod.  and  Marioet. 
Admin.  UU  pp.  (June  X^2.) 

(3U)  __  Ridiardson,  Howard  B. 

1953*  Relation  of  Rate  of  Carding  and  Factors  of  Cotton  Quality 

to  Strength  and  Appearance  of  CtH±>ed  Yam^  Heps  in  Caxtl  Ifeb^ 
Card  Waste,  and  Conker  Waste.  JL  Hu  Jigr.  Brod.  and 

Market.  Admin.  6l  (Mardi  195X*) 

(35)  end  Richardson,  Howard  B. 

1953*  An  Evaluation  of  the  Signif loanee  and  Dso  of  jiie  K Factor  at 
Yam  Strength  and  Its  Relation  to  Raw-Cotton  Quality.  U.  S. 
Dept.  Agr.,  Prod,  and  Market  Admin.  32  pp.  (June  19$3^) 


Table  1. — Comparison  of  statistical  values  obtained  from  multiple  correlation  analyses  for  6 elements  of  raw-cotton  quality  with  skein  strength  of  22s 
carded  yam,  processed  on  long-draft  equipment  and  possessing  a semi-hard  twist,  for  10  series  of  cottons  and  8 crop  years,  1945-52  ^ 
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Table  2. — Comparison  of  statistical  values  obtained  from  multiple  correlation  analyses  for  6 elements  of  raw-cotton  quality  and  yarn  size  with  count- 

strength  product,  representing  a practical  range  of  yarn  sizes  for  each  cotton,  processed  on  long-draft  equipment  and  possessing  a semi-hard  twist 
for  10  series  of  cottons  and  8 crop  years,  1945~52  1/ 
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Table  3.-Co»pari8on  of  illative  importance  of  6 elements  of  raw-cotton  quality  to  skein  strength  of  2as  carded  equipment 

and  possessing  a semihard  twist,  as  evaluated  by  multiple  correlation  analyses,  for  10  series  of  cottons  and  8 crop  years,  19k5~52 


Crop  : 

Groins  of  cotton 

Txme  ox  : 

nicking  : 

Lots  0 
Cotton  : 

r—  ; 

lam  : 

cotton  Quality 

Rank  : Beta  coefficient  i/ 

Number  : 

Number  : 

: 

1945  :E 

Experiment  station  annual 

Uid- season  : 

210  : 

210  : 

Fiber  strength  

: 1 

; 2 

♦0.519  ♦ 0.033 
- .416  ~ .050 

;■« 

■ariety  test  series 

! 

Upper  hfti f mean  length  

: 3 

: 4 

♦ .386  7 .049 
: + .149  7 .038 

: 

Length  uniformity  ratio 

Percentage  of  mature  fibers  

: 5 

: 6 

; ♦ .134  7 .036 
: + .094*  7 .038 

Experiment  station  annual 
rariety  test  series 

Uid-season  t 

257  i 

n-  " -If" 

i 1 

i + .470  + .023 

1946  :I 

257  ! 

Upper  half  mesji  length 

: 2 
3 

: ♦ .423  7 .037 
: - .402  7 .048 

: 

*: 

Length  uniformity  ratio  

: 4 

; + .162  7 .027 
: + .035*  7 .024 

! 

Percentage  of  mature  fibers  .... 

; + .033*  + .032 

78  i 

78  t 

.:  1 

I + .584  + .105 

1946 

elected  cotton  improvement 

Mid- season  : 

; - .473  7 .116 

gTQMpa 

: + .391  + .060 

i 

X 

Percentage  of  mature  fibers  .... 

4 

.:  5 

; + .120*  + .076 
: - .035*  7 .060 

X 

.:  6 

; + .06^  + .061 

: 

117 

117 

X 

: + .479  + .031 

1947 

Ejqjeriment  station  annual 
ariety  test  series 

Mid- season  : 

2 

! ♦ .429  + .039 

: 

; - .402  + .046 

; ♦ .162  + .031 

; + .100  + .031 

Percentage  of  mature  fibers  .... 

.:  6 

; + .067*  + .031 

166 

166 

.:  1 

i + .674  + .052 

1947 

Selected  cotton  improvement 

Early  and 

Uppci  half  ngt 

• + .346  + .036 

groups 

mid- season 

.:  3 

; - .276  ♦ .070 

: + .085*  ♦ .036 

..:  5 

; - .025*  + .049 

E 

t 

Length  uniformity  ratio  

..:  6 

j + .066*  + .039 

; 277 

: 277 

..;  1 

1 * .693  + .035 

1948 

Selected  cotton  improvement 

: Early,  “id- 

j ♦ .470  + .031 

: season*  and 

; - .280  + .046 

: late 

t 

: + .158  ♦ .031 

: 

: ♦ .105  ♦ .032 

: Percentage  of  mature  fibers  ... 

..;  6 

: - .019*  * .042 

i 260 

i 260 

X 

i + .451  + .034 

Selected  cotton  improvemeri 

; Early,  *i<i" 

: ♦ .395  + .036 

: season,  and 

: + .198  ♦ .035 

t late 

s - .195  + *045 

* 

...:  5 

: * .064*  + .036 

: 

t 

: Percentage  of  mature  fibers  . . 

...:  6 

; ♦ .022*  + .037 

1 305 

; 

...;  1 

1 + .458  + .031 

1950 

• 

t : Early,  mid- 

; 305 

. - .374  + .043 

: groups 

...:  3 

: + .358  ♦ .032 

: late 

...:  4 

; + .224  + .030 

; ♦ .131  ♦ >032 

; Percentage  of  mature  fibers  . 

...:  6 

: + .122*  4 .044 

1951 


1952 


elected  cotton  iji^roveine  nt 
groups 


Early,  aid- 
season,  an( 
late 


319 


Selected  cotton  improvement 
groups 


Early  mid- 
season, and 
late 


309 


319 


Upper  half  mean  length  . . • • • 

Grade  index  

Fiber  strength  

Fiber  weight  per  inch  

Length  uniformity  ratio  . . . . 
Percentage  of  mature  fibers 


309  s Upper  half  mean  length  

; piber  strength 

s Percentage  of  mature  fibers 

: Grade  index  

; Length  uniformity  ratio  .... 
; Fiber  weight  per  inch  

V Th.  .ip>  laaict..  o.  th.  or  t..  t.  ...  -P...... 

♦ statistically  insignificant,  being  less  than  3 times  its  standard  error. 


+ .663  + .038 

+ .278  + .037 

+ .122  + .037 

- .Ill*  + .058 

+ .059*  I .03^ 

+ .04^  + .055 


+ .700  + .031 
+ .267  I .032 
- .209  + .049 
♦ .172  + .034 
+ .126  T .032 

+ .048*  + .049 
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Tabl«  4. — Cooparison  of  relatlre  importance  of  6 elements  of  raw-cotton  quallt7  and  7am  size  to  count -strength  product  of  various  sizes  of  carded  7am, 
processed  on  long-draft  equipment  and  possessing  a semihard  twist,  as  evaluated  b7  multiple  coirelation  anal7ses,  for  10  series  of  cottons  and 
8 crop  Tears,  1945~52 


Crop 

year 


Groups  of  cotton 
according  tt^— 


Time  of 
picking 


Lots  of — 


Cotton 


Yam 


Factors  of 
cotton  quality 


Relative  importance  by — 

Rank  ; Beta  coefficients  jj/' 


1945 


1946 


1946 


1947 


1947 


1948 


1949 


1950 


xperioent  station  annual 
vartetT  test  aeries 


xperlment  station  annual 
vari.et7  test  series 


elected  cotton  improvement 
groups 


xperiment  station  annual 
vaidetT  test  aeries 


elected  cotton  improvement 
grovqss 


elected  cotton  improvement 
roups 


Selected  cotton  inprovemen 
groups 


Selected  cotton  lii^mvement 
groups 


Uld- season 


Uid-season  : 


Rid- season 


Number 


210 


Rid- season  : 


Earlr  and  < 
mid-season  : 


Earlr,  mid-  : 
season,  and  t 
late 


Early,  mid- 
season, and 
late 


Early,  mid-  : 
season,  and  : 
late  : 


1952  tSelected  cotton  improvemert 
: groups 


Early,  mid- 
season,  and 
late 


Number 

630 


Yam  size  

-0.671 

+ 

o.ou 

Fiber  strength  

+ .397 

.015 

Upper  half  mean  length  

: 3 

+ .338 

+ 

.022 

Fiber  weight  per  inch  

.:  4 

- .317 

.022 

Length  unifor^ty  ratio 

+ .098 

+ 

.016 

Grade  index 

6 

+ .095 

+ 

.016 

Percentage  of  mature  fibers  .... 

♦ .057 

+ 

.017 

257 


771 


78 


234 


Yam  size  

Fiber  strength 

Upper  half  mean  length  . . , . . 

Fiber  weight  per  inch  

Length  uniformity  ratio  . . . . 

Grade  index  

Percentage  of  mature  fibers 


- .586  + 
+ .413  ~ 

t * .399  + 

- .365  + 
+ .130  + 
+ .029*^  ~ 
+ .016*  7 


Yam  size  

Fiber  weight  per  inch  

Upper  half  mean  length  

Fiber  strength  

Percentage  of  mature  fibers 

Grade  index  

Length  uniformity  ratio  . . . . 


.012 

.013 

.020 

.027 

.015 

.013 

.018 


- .815  + 

- .385  I 
+ .332  i 
+ .241  + 
+ .102  + 
+ .022*  + 

- .019*  ~ 


.020 

.041 

.037 

.021 

.027 

.022 

.021 


117 


351 


166 


498 


277 


1,108 


: 1 

- .587 

+ 

.015 

Fiber  weight  per  inch  

t 2 

- .U7 

.025 

Fiber  strength  

s 3 

+ .393 

.017 

Upper  half  mean  length  

: 4 

+ .390 

.021 

Length  uniformity  ratio  

: 5 « 

+ .142 

.018 

Grade  index  

: 6 

+ .107 

+ 

.017 

Percentage  of  mature  fibers  

t 7 

+ .069 

.017 

Yam  size  

: 1 

- .808 

.013 

Upper  half  mean  length  

: 2 

+ .406 

.020 

Fiber  weight  per  inch 

- .272 

.027 

Fiber  strength  

t 4 

+ .202 

.014 

Grade  index 

+ .056 

.014 

Length  uniformity  ratio  

+ .014* 

.015 

Percentage  of  mature  fibers  .... 

+ .013* 

.019 

Yam  size  

- .783 

.010 

Upper  half  mean  length  

+ .472 

.012 

Fiber  strength 

+ .239 

.011 

Fiber  weight  per  inch  

- .196 

.016 

Grade  index  

4 .089 

.011 

Length  uniformity  ratio  

.:  6 

+ .083 

.011 

Percentage  of  mature  fibers  . . . . 

+ .002* 

.014 

: 

260 

: 1,040 

: Yam  size  

: 1 

- .704 

.010 

• 

1 

: Upper  half  mean  length  

+ .428 

.013 

t 

: 

: Fiber  strength  

+ .320 

.012 

X 

; Fiber  weight  per  inch  

♦ .200 

.016 

. 

X 

t Percentage  of  mature  fibers  .... 

- .136 

.013 

: Gxade  index 

.:  6 

+ .106 

+ 

.013 

t 

X 

: Length  uniformity  ratio  

- .069 

.013 

305 


1,119 


Yam  size  

Fiber  strength 

Fiber  weight  per  inch  

Upper  half  mean  length  

I^gth  uniformity  ratio  . . . . 
Percentage  of  mature  fibers 
Grade  index  


- .634 

+ 

.013 

4 .389 

+ 

.014 

- .326 

+ 

.020 

4 .314 

.014 

4 .200 

+ 

.014 

.:  6 

4 .120 

•f 

.020 

4 .105 

.015 

1951  tSelected  cotton  improvement;  Early,  mid-  : 319 

.groups  t season,  and  t 

. : late  t 


638 


309 


618 


Yam  size  

Upper  half  mean  length  

Grade  index  

Fiber  weight  per  inch  

Fiber  strength 

Percentage  of  mature  fibers 
Length  uniformity  ratio  .... 


Yam  size  

Upper  half  mean  length  

Fiber  strength 

Percentage  of  roature  fibers 

Grade  index  

Length  uniformity  ratio  .... 
Fiber  weight  per  inch  


- .718  4 

.021 

4 . 586  4 

.023 

4 .233  ± 

.022 

- .106  4 

.034 

4 .104  4 

.022 

.:  6 

4 .050*  4 

.032 

4 .047^  4 

.020 

- .765  4 

.018 

4 .564  4 

.018 

4 .196  4 

.018 

- .153  4 

.027 

4 .138  4 

.019 

4 .093  4 

.018 

4 .026*  4 

.027 

1/  The  sign  indicates  the  direction  of  the  contribution  of  the  independent  variable  to  the  dependent  variable. 
* Statistically  insignificant,  being  less  than  3 times  its  standard  error. 


Table  5.  Conparison  of  ranks  of  relative  importance  of  6 elements  of  raw-cotton  quality  to  skein  strength  of  22s  carded  yam,  as  based  on  beta  coefficients 
tained  from  multiple  correlation  analyses,  for  10  series  of  cottons  and  8 crop  years,  l%5-52 
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Value  of  beta  coefficient  was  statistically  insignificant,  being  less  than  3 times  its  standard  error, 
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Value  for  beta  coefficient  was  statistically  insignificant,  being  less  than  3 times  its  standard  error^ 
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